Abstract-This paper analyzed volatile organic compounds (VOCs) in the ambient air of a secondary fiber paper mill. The compositions and quantities of VOCs were determined by the gas chromatography-mass spectrometry (GC-MS) method and the photo-ionisation detector (PID), respectively. The total concentrations of TVOC and the main identified kinds of substances on the four sites of paper mill were as follows: (1) waste paper sorting room: TVOC concentration was 1.18 mg·m , which exceeded the standard 6.97 multiples; the main detected pollutants were benzene series and phenols; and (4) office area: TVOC concentration was 0.63 mg·m -3 , which exceeded the standard 0.05 multiples; the main detected pollutants were benzene series and phenols.
INTRODUCTION
As the world's sixth largest polluting industry, the pulp and papermaking industry emits large amounts of gaseous, liquid, and solid pollutants into the natural environment [1, 2] . According to the data from U.S. Environmental Protection Agency (EPA), the main polluting gases from paper mills include highly toxic sulfides (TRS) and volatile organic compounds (VOCs) [3] . The World Health Organization defines VOCs as the organic compounds with a lower boiling point limit of 50 to 100 °C and an upper boiling point limit of 240 to 260 °C, which include alkanes (or paraffins), alkenes (or olefins), saturated and unsaturated alkyl halides, carbonyls, alcohols, aromatic and halogenated aromatic hydrocarbons [4] .
When VOCs are the major emissions gaseous, the gaseous pollutants from paper industry not only cause environmental pollution, but also threaten human health [5] . Despite the possible environmental and health risks, monitoring VOCs in paper mills has not been widely concerned, and little research has been reported.
In this paper, field samplings of the ambient air were performed in four locations of a secondary fiber paper mill, solvent desorbing was conducted with carbon disulfide and dichloromethane, respectively; the compositions of VOCs were analyzed with GC-MS method, and the overall quantities of TVOC (Total volatile organic compounds) were determined by a photo-ionisation detector (PID). The ambient air samples in the study were collected from Guangzhou Paper Mill, which is located in the southernmost part of Guangzhou (almost 50 kilometers from the downtown). Its main product is offset newsprint with annual production capacity of 557800 tons, which accounts for about 17% of the national total [6] . Using secondary fiber as raw material, 100% deinked pulp (DIP) is used to produce newsprint. The flow chart of Guangzhou Paper Mill is illustrated in Figure 1 . In the study, air samples from the following four locations in the paper mill were chosen for collection and analysis: (A) waste paper sorting room, (B) papermaking workshop, (C) vacuum pump outlet, and (D) office area. Being an affiliation of paper mill, the office area is about 1 kilometer away from the production area.
II. MATERIALS AND METHOD

A. Sampling Sites Description
B. Air Sampling and Detection of TVOC
Recording every 1 minute, the TVOC concentration was continuously measured in situ for 15 minutes by portable gas detector, whose resolution was 1 ppb, with an air pump at the speed of 220 mL·min -1 (First Check+ 5000, Ion Science Ltd, U.K.). According to the instruction manual of First Check, the detector measured the levels of TVOC by PID (photoionisation detector) whose calibration and quantification were performed with isobutylene, and the data represented the levels of TVOCs in the ambient air samples. The air samples were collected by active sampling with a glass tube containing micro-porous activated carbon granules (Tianyue Instrument Co., China). By using an air sampling pump (TWA-300Z, Tianyue Instrument Co., China), a total of 10 L ambient air was collected at a height of 1.5 meters and a flow rate of 500 mL·min -1 for 20 minutes each time. And then, the substances in the activated carbon tubes were extracted with two kinds of solvents, carbon disulfide (I) and dichloromethane (II). The extraction steps were as follows: (1) all of the substances in the tubes were dissolved in 1 mL solvent and followed by the ultrasonication operation for 3 minutes; (2) the activated carbon granules were separated from the organic solvents by the natural sedimentation for 30 minutes; (3) the supernatant solutions from Step two were obtained, which were named Sample I and Sample II, separately. The determinations of the compositions of sample I and sample II were performed with a gas chromatograph coupled with a mass spectrometer (Varian-4000, Varian, Inc., USA). The DB-5MS capillary column (Agilent J&W Scientific, USA) was used as an analytical column. The detailed analysis conditions with GC-MS for Samples I and II are shown in Table I .
C. Air Sampling and Analysis of VOCs
III. RESULTS AND DISCUSSIONS
A. Waste Paper Sorting Room
As shown in Table II , the concentration of TVOC in the ambient air from Site A is 1.18 mg·m -3 , which exceed the Chinese standard for indoor pollution of TVOC in civil building (0.6 mg·m -3 ) [7] . Figure 2 (a) and Figure 2 (b) are the chromatographs of Samples I and II extracted by the carbon disulfide and dichloromethane desorption procedure respectively. As illustrated in Figure 2 (a) , the amounts of those substances were relatively high compared with other sites. With the extraction of the weak polar solvent, the information in Table III shows that the following substances were detected in the site A, and their relative quantities were: phenols (57%), esters (38%), alkanes (3%), and ketones (2%). The analyzed results of the two samples revealed that there were mainly alkane compounds, phenols, and esters with high boiling points in the waste paper sorting room of the paper mill.
B. Papermaking Workshop
The concentration of TVOC in the ambient air from Site B is obviously shown in Table II , which is the highest one among the all-sampling points. This analysis result is consistent with the actual process: types and amounts of functional chemical fillers, such as reinforcing agents and brighteners, are added at Site B to enhance the quality of paper; and besides that, the poor ventilation, high temperature (36.2 °C) and humidity (86%) environment at Site B are the further factors, which cause the high TVOC level in that area. The total ion chromatograms and the mass spectra results of air samples from the papermaking workshop with two extraction solvents are shown in Figure 2 and Table III . The identified results demonstrated that some hazardous substances were present in the papermaking workshop, which include the benzene series, alkane compounds, phenols, ethers, etc.
C. Vacuum Pump Outlet
The TVOC concentration of this site is 4.78 mg·m -3 , which is much lower than that of Site B. The main reason behind is as follows: being a main location of adding large amounts of chemicals in the papermaking process, the high temperature in this area leads large amounts of VOCs in the pulp to volatilize into the ambient air of papermaking room directly; however, functioning as a dewatering device of paper machine, the strong action of negative pressure of vacuum pump collects the remaining small amount of the organic compounds in the pulp and emit from the outlet of the vacuum pump on the roof of the papermaking room. According to the process technology, the gas in the papermaking workshop is collected by an exhaust hood and discharged into the atmosphere through a vacuum pump. As illustrated in Figure 2 (e), Sample I with carbon disulfide in the air of the vacuum pump outlet contained more abundant substances than other sites (Figure 2(a), (c), and, (g) ). However, Sample II with dichloromethane solvent in this location had a different composition, which included phenols, esters, ketones, and olefins, and the abundance of the 6th peak in Figure 2 (f) shows that phenols (88%) were the main substances at this site.
D. Office Area
The TVOC concentration in the ambient air from Site D is 0.63 mg·m -3 , and its superstandard multiple is also presented in Table II . Although the TVOC level in Site D is the lowest one among four sites, it is still a little bit higher than the standard. According to the GC-MS results of Sample I as shown in Figure 2 (g), only two substances were observed: benzene and methylbenzene. However, more abundant compounds were detected in Sample II by desorption with dichloromethane at this site. As shown in Figure 2 (h), phenols (93%) were the main substance. All of the interpretations of the mass spectra are listed in Table III . Figure 2 . Total ion chromatograms of air samples from four sites in paper mill.
IV. CONCLUSIONS
The findings in this work reveal the contents and compositions of volatile organic compounds (VOCs) in the ambient air of a secondary fiber paper mill. Considering four sites in the paper mill, PID was used firstly for the quantity analysis of TVOC; and then, the compositions of the ambient air on the four sites were determined with GC-MS method, respectively. The obtained analysis results on these four sites were as follows:  (1) Site A, waste paper sorting room: TVOC concentration was 1.18 mg·m -3 , which exceeded the standard 0.97 multiples; the main detected pollutants were alkane compounds, phenols, and esters.  (2) Site B, papermaking workshop: TVOC concentration was 207.75 mg·m -3 , which exceeded the standard 345.25 multiples; the main detected pollutants were benzene series, alkanes, ethers, and phenols.  (3) Site C, vacuum pump outlet: TVOC concentration was 4.78 mg·m -3 , which exceeded the standard 6.97 multiples; the main detected pollutants were benzene series and phenols.  (4) Site D, office area: TVOC concentration was 0.63 mg·m -3 , which exceeded the standard 0.05 multiples; the main detected pollutants were benzene series and phenols. Astonished by the detected results in one paper mill, the divergent thinking leads us to do further studies on the gaseous polluted situations in other paper mills. 
